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(57) ABSTRACT

An endoscopic observation means having least a couple of
illumination means are provided at a distal end portion of an
endoscopic insertion instrument, the illumination means
being on the opposite sides of and substantially on the same
plane as an optical 1mage pickup means. Each one of the
illumination means 1ncludes a light guide for transmitting on
illumination light from a light source, and an 1llumination
lens for dispersing 1llumination light over an imaging area of
a subject under observation. Further, the endoscopic obser-
vation means 1ncludes an objective lens system having a
variable observation distance. The 1llumination means on
the opposite sides of the observation means are spaced apart
from each other by such a distance as to hold i1lluminance 1n
peripheral portions of an 1maging arca of the subject to a
level not greater than 200%, preferably, in the range of 200%
to 120% of an 1lluminance level in portions of the 1maging
area.
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1
ENDOSCOPIC OBSERVATION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Art

This invention relates generally to an endoscope for use in
medical fields, and more particularly to an endoscopic
observation system having an objective lens of a variable
observation distance 1n its optical 1mage pickup system.

2. Prior Art

Generally, the endoscopes, which are designed for intro-
duction into a body cavity of a patient for medical exami-
nation or observation purposes, are largely constituted by a
manipulating head assembly to be gripped and manipulated
by an operator, and an elongated msertion instrument which
1s extended out from the head assembly for insertion 1nto a
body cavity. In order to permit observations within a dark
body cavity, an intracavitary observation site of interest has
to be 1lluminated with light which 1s supplied from outside.
Therefore, an 1llumination means 1s usually provided along-
side an endoscopic observation means or optical image
pickup system at the distal end of the insertion mstrument.
The 1llumination means includes a light guide 1n the form of
a bundle of fine fiber optics as a light transmission means,
and an 1llumination lens 1s located 1n front of a light emitting
end of the light guide. On the other hand, the optical image
pickup system includes an objective lens to form an 1mage
of an ifracavitary site under observation. Located at the
focus of the objective lens 1s either an 1mage pickup end of
an 1mage guide consisting of a bundle of fiber optics, or a
solid-state image sensor device like CCD which functions to
convert an optical image 1nto electric signals. In the former
case, that 1s, in the case of the so-called optical endoscope,
images of an 1ntracavitary site under observation are viewed
through an eyepiece which 1s connected to the head assem-
bly. In the latter case, that 1s, in the case of the so-called
clectronic endoscope, electric signals from the solid-state
image sensor are sent to a video processor which generates
video signals to display video 1images of the site under
observation on a monitor screen.

In an endoscopic examination of an intracavitary site, for
example, of a site within the stomach, it may become
necessary to bring the endoscopic observation means to a
position close to a particular gastric wall portion for closer
examination after observing the site from a relatively distant
position. At the time of an examination from an extremely
close position, the focus of the objective lens of the endo-
scopic observation means needs to be adjusted correctly. In
this regard, for example, Japanese Patent Publication
61-53698 discloses a focus adjusting mechanism for an
endoscopic observation system. This focus adjusting mecha-
nism makes 1t possible to adjust the focus of an objective
lens to an intracavitary wall at an extremely small distance
less than 1 cm, particularly at a distance of 1 mm to 2 mm.
Observations from a position of such minimal observation
distance can make 1t possible to examine intracavitary walls
very accurately.

However, even if an objective lens 1s correctly focused on
an 1nftracavitary portion of particular interest, the endoscopic
observation means cannot necessarily make accurate obser-
vation of the intracavitary portion. As mentioned
hereinbefore, an intracavitary sites which 1s 1n darkness
needs to be illuminated by the use of a light guide and an
illumination lens, and the site under observation as a whole
should be 1lluminated as uniformly as possible in terms of
illuminance level. This 1s because existence of dark spots or
dark shaded portions in part of the site under observation are

10

15

20

25

30

35

40

45

50

55

60

65

2

hindrous to accurate endoscopic examinations. On the
conftrary, 1n case the illuminance level 1s extremely high in
certain localities as compared with the remainder of an
intracavitary site under observation, a high contrast between
bright and shady portions 1n the entire areas of the site under
observation can also make 1t difficult to examine the site
precisely. Above all, in the case of an electronic endoscope
using a solid-state 1mage sensor device, overly illuminated
bright portions can cause saturation to corresponding part of
the 1mage sensor pixels and result in 1images with blooming
and smear. In addition, even 1if saturation of pixels does not
take place, wrregular variations 1 1lluminance level will
lower the dynamic range to make 1t difficult to produce
images of good quality.

In this connection, for example, Japanese Laid-Open
Patent Specification 6-169879 discloses an endoscopic 1llu-
mination means which 1s arranged to suppress irregular
variations in 1lluminance level across an observation area of
an 1nftracavitary site. According to this prior art, illumination
means are located at equidistant positions on the opposite
side of an observation means at the distal end of an endo-
scopic 1sertion mstrument to project illumination light rays
of substantially equal volumes from the two separate 1llu-
minating means. In this case, 1n order to concentrate the
illumination light rays toward an intracavitary area under
observation, the two 1lluminating means are located as close
to the endoscopic observation means as possible within a
range 1n which an optical image pickup portion of the
observation means 1s free mfluences of harmful right rays.

The endoscopic insertion nstrument to be introduced 1nto
a body cavity should be constructed as small as possible 1n
diameter for easy and smooth passage through a path of
insertion and for lessening pains on the part of the patient.
Nevertheless, 1n addition to one endoscopic 1image pickup
means and two 1lluminating means, the endoscopic insertion
instrument 1s required to have a biopsy channel for insertion
of a biopsy or surgical instrument or a passage for pumping
a cleaning liquid to an observation window of the optical
image pickup portion. Therefore, due to limitations in space,
the two 1llumination means are 1nevitably required to have
an extremely small aperture diameter and virtually take the
shape of a point source of light. However, 1llumination light
can be diffused by fitting an illumination lens 1n an 1llumi-
nation window face to face with a light emitting end of a
light guide. By so doing, an intracavitary site under endo-
scopic observation can be 1rradiated with substantially uni-
formly 1n illuminance as long as the intracavitary site 1s
located at a certain distance from the respective illumination
means. However, the i1llumination lens are incapable of
diffusing illumination light over a subject at an extremely
short observation distance. Especially, in case the endo-
scopic observation means 1s located at a distance shorter
than several millimeters, more specifically, at a very close
distance of 1 mm to 2 mm, the 1lluminance distribution
characteristics 1s such that the 1lluminance level 1s conspicu-
ously hihg at a center position of the illumination window
but abruptly drops toward peripheral portions thereof.

Therefore, the i1llumination system of the above-
mentioned prior art, which has a couple of i1llumination
means located on the opposite sides of an endoscopic
observation window, 1s advantageous when concentrating
illumination light on an examination site from a certain
distance but has a drawback that the difference 1n 1llumi-
nance level between center and peripheral areas of an
imaging arca of the site under examination becomes con-
spicuously large. Therefore, especially in the case of a
solid-state 1mage sensor, blooming and smear occurs to
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images on display, due to saturation of 1image sensor pixels
1n positions which correspond to high 1lluminance peripheral
portions of an 1maging area. Besides, due to degradations in
dynamic range and S/N ratio, it becomes difficult to display
on a monitor screen clear images which are necessary for
accurate endoscopic examination or diagnosis.

SUMMARY OF THE INVENTION

With the foregoing situations in view, it 1s an object of the
present 1nvention to provide an endoscopic observation
system which 1s simple 1 construction and yet capable of
suppressing conspicuous variations in illuminance level
across an 1imaging arca of an intracavitary site under endo-
scopic examination from an extremely close minimal obser-
vation distance.

It 1s another object of the present invention to provide an
endoscopic observation system which can suppress con-
spicuous differences 1n 1lluminance level between center and
peripheral portions of an 1maging area of an intracavitary
site, which 1s under examination through a solid-state 1image
sensor device, permitting to produce on a monitor screen
clear images of the intracavitary site free of blooming and
smear.

In accordance with the present invention, the above-stated
objective are achieved by the provision of an endoscopic
observation system which comprises: an optical 1mage
pickup system having an objective lens of a variable obser-
vation distance to pick up 1images of a subject from various
distances through an observation window provided at a
distal end of an insertion instrument of an endoscope; an
illumination system having at least a couple of 1llumination
means located on the opposite sides of and substantially in
the same plane as the observation window of the optical
image pickup system; the illumination means each having a
light guide and an 1llumination lens for diverging i1lluminat-
ing light from the light guide toward a subject under
examination; the 1llumination means on the opposite sides of
the observation window being located 1n positions spaced
from the observation window by such a distance as to hold
illuminance 1n peripheral portions of an 1maging area of the
subject to a level lower than 200% of an 1lluminance level
in a center portion of the imaging area at the time of
observation from a mimimal observation distance of the
objective lens.

.

In this instance, differences 1n 1lluminance level between
peripheral and center portions of an 1maging area of an
intracavitary site under observation should preferably be
suppressed to a minimum. However, illumination light is
normally in Gaussian distribution in volume having a peak
at the center of an illumination lens. Therefore, if arrange-
ments are made to use an angular range where variations in
light volume are relatively small, the results would be a
conspicuous drop in i1lluminance of a subject under obser-
vation and 1nsuificient brightness 1n entire areas of 1mages to
be obtained. In this case, however, the difference 1n 1llumi-
nance between peripheral and center portions of an 1maging
arca of a subject under observation 1s about 20%. In case the
optical 1mage pickup system employs a solid-state 1mage
sensor device as observation means, end portions of an
image area on display on a monitor screen correspond to the
peripheral portions of an 1maging arca of a subject where the
illuminance 1s held to a level which 1s not higher than 200%
of an 1lluminance level 1 center portions of the 1imaging
arca. Namely, the peripheral portions of an 1imaging arca
correspond not to peripheral portions of a view field of an
objective lens system but to end portions of an 1mage arca

10

15

20

25

30

35

40

45

50

55

60

65

4

to be displayed on a monitor screen. For 1nstance, 1n case a
solid-state 1mage sensor device or viewing screen has a
masked area, the 1lluminance 1n end portions of an 1mage
arca bordering on the masked area should not exceed 200%
of an 1lluminance level in a center portion of the 1image area.
In this connection, the longer the minimal observation
distance, the more uniform becomes the illuminance distri-
bution by an illumination lens. Accordingly, the present

invention 1s particularly effective 1n observations from a
minimal observation distance of an endoscope, more
specifically, from a distance smaller than 1 cm because
illumination lenses are located too close to a subject to
produce dispersing or diverging effects on illumination light.

Minimization of differences 1n 1lluminance between cen-
ter and peripheral portions of an 1maging area of a subject
under observation from a minimal distance normally results
in a drop 1n 1lluminance level of the 1maging area as a whole
as compared with an 1lluminance level which 1s available 1n
observations from ordinary distances. Generally, an 1llumi-
nation light source 1s equipped with a volume adjustor
means like 1r1s or stop to vary the volume of 1llumination
light. Therefore, it 1s desirable to control 1llumination light
In such a way as to increase 1its volume at the time of
observation from a minimal observation distance.
Alternatively, a third illumination means may be provided
between the two 1illumination means mentioned above,
arranging the third illumination means to function as an
illuminance varying means. Particularly, 1in case a reversible
electric motor 1s used as an objective drive means for focus
adjustments, the third 1llumination means may be turned on
and off by means of a switch which 1s actuated when the
objective lens 1s moved to a minimal observation distance
position by the reversible motor. Further, the endoscopic
observation system may include a gain controller to increase
the gain to a greater amount at the time of observation at a
minimal observation distance position than in observations
from ordinary observation distance positions. Furthermore,
in case of an endoscope which has an annular hood fitted on
a distal end portion of 1ts insertion instrument in such a
manner as to circumvent observation and illuminations
means, a reflecting surface may be provided on the inner
periphery of the hood for the purpose of illuminating a
subject under observation additionally with reflected light
and thereby moderating variations in illuminance across an
imaging arca of the subject. In such a case, it 1s desirable for
the hood to be extended forward of the distal end of the
endoscopic 1nsertion instrument by a length equivalent with
or greater than the minmimal observation distance of the
endoscope.

The above and other objects, features and advantages of
the present mvention will become apparent from the fol-
lowing particular description, taken 1n conjunction with the
accompanying drawings which show by way of example
preferred embodiments of the mvention. Needless to say, it
1s to be understood that the present invention 1s not limited
to the particular forms shown.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a schematic 1llustration of an endoscope, show-
ing its general layout;

FIG. 2 1s a schematic end view of a fore distal end portion
of an endoscopic 1nsertion instrument;

FIG. 3 1s a schematic sectional view of the fore distal end
portion of the endoscopic insertion 1nstrument;

FIG. 4 1s a schematic sectional view taken through an
optical 1image pickup system or observation system;
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FIG. 5 1s a partly cutaway schematic view of an 1llumi-
nation means;

FIG. 6 1s a diagram which illustrates arrangements of
illumination and observation systems;

FIG. 7 1s a diagrammatic illustration explanatory of
relations between a view field of an observation window and

ranges of i1llumination light which i1s projected through
illumination windows at the time of an endoscopic obser-

vation from a minimal observation distance;

FIG. 8 1s a diagram of illuminance distribution by the
illumination means at a minimal observation distance posi-
tion;

FIG. 9 1s an outer view of a fore distal end portion of an

endoscopic 1nsertion instrument incorporating a third 1llu-
mination means;

FIG. 10 1s a sectional view similar to FIG. 2 but showing
a hood which 1s fitted on the endoscopic insertion instru-
ment,

FIG. 11 1s a diagrammatic illustration of light guide and
illumination lens employed in first and second embodiments
of the present invention;

FIG. 12 1s a diagrammatic 1llustration of light guide and
illumination lens employed 1n third and fourth embodiments
of the present invention;

FIG. 13 1s a diagrammatic 1llustration of light guide and
1llumination lens employed 1n fifth and sixth embodiments

of the present 1nvention;

FIG. 14 1s a diagram of light distributions by the 1llumi-
nation lenses employed 1n the first to sixth embodiments;

and

FIG. 15 1s a logarithmic presentation of the light distri-
butions shown 1 FIG. 14.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereafter, the present invention 1s described more par-
ticularly by way of its preferred embodiments with reference
to the accompanying drawings. Firstly, shown 1 FIG. 1 1s
the general layout of an endoscope, 1n which indicated at 1
1s a manipulating head assembly of the endoscope, at 2 an
insertion 1nstrument to be introduced mto a body cavity or
the like, and at 3 a universal cable. The endoscopic 1nsertion
instrument 2 1s extended out from the manipulating head
assembly 1 which 1s gripped and manipulated by an opera-
tor. A major part of the endoscopic insertion instrument 2 1s
constituted by a tlexible section 2a which 1s flexibly bend-
able 1n arbitrary directions along a path of insertion. Con-
nected successively to the fore end of the flexible section 2a
are an angle section 2b and a rigid tip end section 2c¢. The
angle section 2b can be manipulated 1nto a bent form to turn
the rigid tip end section 2¢ mto a desired direction. Incor-
porated 1nto the rigid tip end section 2¢ 1s an 1image pickup
system which 1s necessary for endoscopic observation of an
Intracavitary site.

As shown 1n FIG. 2, illumination windows 11 are pro-
vided on the opposite sides of an observation window 10 on
a distal end face of the rigid tip end section 2c¢. The
observation window 10 and illumination windows 11 are
located on the same plane, and the two observation windows
11 are located substantially in equidistant positions from the
observation window 10. As seen 1n FIGS. 3 and 4, an optical
image pickup system of the observation means 1s fitted in the
observation window 10. On the other hand, 22 an illumina-
tion means 13 is fitted in each one of the i1llumination
window 11 as shown 1n FIG. 5. Further, in addition to the
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6

observation and 1llumination windows 10 and 11, an outlet
opening 14 of a biopsy channel i1s opened 1n the distal end
face of the rigid tip end section 2¢ to extend forceps or other
biopsy or surgical instrument into a body cavity, along with
a nozzle 15 which serves to supply a cleaning fluid toward
the observation window 10. The construction of the rigid tip
end section 2¢ which 1s shown in the drawings 1s of a
forward view type which has a view filed 1n a straightfor-
ward axial direction of the endoscopic insertion 1nstrument
2. In the case of a side view type endo scope, the above-
described components of the endoscopic observation system
are located 1n a flat surface on a lateral side of the rigid tip
end section 2c.

An optical image pickup means 12 which 1s fitted 1n the
observation window 10 includes, for example, an optical
objective lens system 20 and an image pickup unit 21 as
shown in FIG. 4. The objective lens system 20 includes a
ogroup ol objective lenses 23 which are mounted 1n a lens
tube 22a 16 of a lens block 22, and a prism 24 which 1s fixed
in position behind the objective lenses 23 of the lens block
22 by the use of an adhesive means or the like to turn the
optical axis of the lens system through 90 degrees. The
image pickup unit 21 includes a solid-state 1mage sensor
device 26 like CCD which 1s mounted on a wiring board 235.
The solid-state 1mage sensor device 26 1s fixedly cemented
to the prism 24 1n a plane which 1s located at the focus of the
objective lens system 20. A large number of wires which are
connected to the wiring board 25 are bundled into a single
cable 27. This cable 27 1s passed through the endoscopic
insertion instrument 2 and extended into the universal cable
3 via the manipulating head assembly 1. The universal cable
3 is provided with a connector (not shown) at its proximal
end to be disconnectibly connected to a processor.

Of the lenses which constitute the objective lens system
23, a rear lens group which consists of one or a plural
number of lenses, as indicated at 23a, 1s movable 1 the
direction of optical axis. When the observation window 10
1s relocated closer to an intracavitary examination site, the
focus 1s adjusted exactly on the examination site by shifting
position of the movable lens 234 1n the direction of optical
ax1s. The movable lens 23a 1s supported on a movable lens
frame 28 independently of the lens 22a tube of the front lens
ogroup. The lens frame 28 1s moved 1n the direction of optical
ax1s along a guide portion 22b which 1s provided on the main
block 22. Further, the lens frame 28 1s extended 1nto a drive
chamber 22¢ through the guide portion 226 of the main
block 22 and, for example, held i threaded engagement
with a helicoid screw shatt 29 within the drive chamber 22c¢.
The screw shaft 29 1s rotatably supported on a support
member 30 which i1s connected to the main block 22. A
stopper 29a provided on the screw shaft 29. In addition, a
connector member 31 1s provided at a rear end of the screw
shaft 29. Accordingly, the supported member 30 1s gripped
between the stopper 29a and connector member 31 thereby
to block movements of the screw shait 29 in any direction
except for movements in the rotational direction. Further, a
nut 32 1s provided at a fore end of the screw shaft 29 to
serves as a stopper, so that the lens frame 29 1s permitted to
reciprocate between the nut 32 and the stopper 29a.

Coupled with the connector member at the rear end of the
screw shaft 29 1s a flexible rotation transmission shaft 33
which 1s constituted, for example, by a double coil tubes of
tightly wound coils for rotations in both right and left
directions. Further, the flexible shaft 33 1s passed through a
flexible tube 34 which 1s connected to the support member

30. Thus, the flexible shaft 33 and the flexible tube 34
constitute a control cable. The control cable 1s extended into
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the manipulating head assembly 1, where the proximal end
of the flexible tube 34 1s retained 1n a fixed state. On the
other hand, the proximal end of the flexible shaft 33 is
coupled with a reversible rotational drive means, for
example, to a reversible motor 45 (FIG. 6). Accordingly,
upon actuating the motor, the flexible shaft 33 1s rotated
about 1ts axis within the flexible tube 34, and the screw shaft

29 1s also put 1n rotation to displace the lens frame 28 of the
movable lens 23a over a predetermined distance in the
direction of the optical axis. If desired, arrangements may be
made to turn the flexible shaft 33 by a manual operation.

On the other hand, as shown 1n FIG. §, the 1llumination
means 13 which 1s fitted 1n each illumination window 11 1s
constituted by a light guide 35 and an i1llumination lens 36.
The 1llumination lens 36 1s disposed within the 1llumination
window 11, and a light emitting end of the light guide 35 1s
located face to face with the 1llumination lens 36. The light
ouide 35 consists of a bundle of fiber optics, which 1s flexible
and bendable 1n arbitrary directions. This light guide 35 1s
extended through the endoscopic msertion mstrument 2 and
into the universal cable 3 via the manipulating head assem-
bly 1, and disconnectibly connected to a light source 40
through a light connector (not shown). As shown in FIG. 6,
the light source 40 includes a source lamp 41 which 1is
located face to face with a light mput end of the light guide
35. Located between the light input end of the light guide 35
and the source lamp 41 are, from the side of the source lamp
31, a stop 42, a condenser lens 43 and a rotary color {filter 44.

Two 1llumination windows 11 are provided on opposite
sides of the observation window 10. In this instance, 1llu-
mination light from each 1llumination window 11 1s diverged
through the 1llumination lens 36 with a predetermined angle
of divergence. The objective lens group 23 of the objective
system 20 which 1s fitted 1n the observation window 10
includes the movable lens 23a which 1s movable 1n the
direction of optical axis, so that i1t can take 1mages of an
object at a close distance of a few millimeters or less, for
example, at a distance of 1 to 2 millimeters. As seen
particularly 1n FIG. 6, the proximal end of the flexible shaft
33 1s connected to the motor 45. This motor 45 1s provided
within a housing of the manipulating head assembly 1 which
1s 1n turn provided with a lens position controller 46 for the
control of the objective lens position. The lens position
controller 46 includes a motor operating member like a
push-button, for example, which can be manipulated with a
finger of an operator’s hand which grips the manipulating
head assembly 1. Upon manipulating the motor operating
member, the motor 45 1s put 1in a forward or reverse rotation
to shift the movable lens 23a between a normal distance
observation position and a minimal close distance observa-
fion position. In addition to these observation positions at the
stroke ends, the movable lens 23a can be located at any
intermediate observation position within its stroke length.

The diagram of FIG. 7 shows the relations between the
observation view field of the objective lens system 20 1 the
observation window 10 and the illumination range of the
illumination lens 36 1n each 1llumination window 11 1n an
endoscopic observation at a minimal close distance. In this
figure, the letter d stands for a minimal observation distance,
and “m” a view field of the optical objective lens system 20
for a subject S which 1s at the minimal observation distance
“d”. In this particular case 1n which the optical 1mage pickup
system 12 1s provided with the solid-state image sensor 26,
the 1mages which are picked up through the solid-state
image sensor 26 are displayed on a monitor screen having an
actually 1maging or observing area F. The letter “C” 1ndi-
cates the center of the imaging areca F. The imaging arca F
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1s an actual endoscopic 1mage observation range, which 1s
different from the view ficld of the objective system 20
itself. Namely, the picture 1mages which are displayed on a
monitor screen 1s limited to certain areas around the center
of the view field of the optical objective lens system 20. In
displaying endoscopic observation i1mages on a monitor
screen, 1n some cases the 1maging area 1s further narrowed
down by masking peripheral areas of the screen. Therefore,
the 1maging area F represents an actual image area on the
monitor screen or an unmasked 1mage area in case periph-
eral portions of 1mages are masked in the course of image
processing operations or 1n case an 1mage pickup area 1s
limited by putting a masking member on part of the solid-

state 1mage sensor device 26.

[1lumination light 1s projected 1in a dispersing fashion
toward the subject of examination S from the 1llumination
windows 11 which are located 1n equidistant positions on the
opposite sides of the observation window 10. Of the 1llu-
mination light rays from each illumination window 11, the
center C of the 1maging area F 1s illuminated with the light
rays which come at an angle of 01 relative to the optical axis
A, while end portions of the 1maging area F are 1lluminated
with light rays which come at an angle of 02. Accordingly,
when the subject of examination S 1s irradiated with light
rays from the respective i1llumination windows 11, the 1llu-
minance or illumination light intensity is strongest at the at
the position of the optical axis A and drops continuously
toward peripheral portions. The variations in 1lluminating
light distribution become more conspicuous and abrupt
when the 1llumination lenses 36 are located closer to the
subject of examination S. As shown particularly in FIG. 8,
when the illumination windows are located at the minimal
observation distance d of a few millimeters, extremely
abrupt variations 1n 1lluminance distribution take place at or
in the vicinity of the optical axis A. Since the 1llumination
windows 11 are provided at two spaced positions corre-
sponding to the opposite ends of the imaging area F, the
subject of examination S 1s wrradiated with light rays from
both of the two 1llumination windows 11 at and in the
vicinity of 1ts center portions. As a result, the subject of
examination S 1n the 1maging areca F 1s irradiated waith
illumination light which has an illuminance distribution as
indicated by two-dot chain line 1n FIG. 8.

As clear from FIG. 8, when an 1maging area F 1s of a given
breadth 1s irradiated with light from 1llumination windows
11 which are located at the distance of Ad from the optical
ax1s A which passes through the center of the 1maging area
F, variations 1n 1lluminance across the 1maging area becomes
smaller and lower as the distance Ad is increased. Namely,
when the two illumination windows 11 are located at a
oreater distance from the observation window 10, variations
in 1lluminance 1n the 1maging arca F become smaller but the
illuminance becomes lower as a whole. On the confrary, in
case the distance Ad 1s reduced, namely, 1n case the two
illumination windows 11 are located closer to the observa-
tion window 10, the 1lluminance in the 1imaging arca F as a
whole including the center C becomes higher but differences
in 1lluminance between center and peripheral portions of the
imaging arca F becomes greater under the direct influence of
that part of the 1lluminance distribution characteristics of the
illumination windows 11 where the 1llumination light vol-
ume varies abruptly.

In this connection, particularly in case the solid-state
image sensor device 26 1s employed as endoscopic image
pickup means, the differences in 1lluminance or 1llumination
light intensity between center and peripheral portions of the
imaging area F should be suppressed to a minimum 1n order




US 6,251,068 Bl

9

to obtain clear 1images. As long as illuminance in brightest
portions of a subject S, that 1s, 1lluminance in brightest
peripheral portions of the imaging area F 1s suppressed to a
level which 1s less than two times an illuminance level 1n
darkest portions of the subject, that 1s, an 1lluminance level
at the center C of the imaging arca F, the dynamic range of
the solid-state 1mage sensor device 26 can be adjusted in
such a way as to obtain 1images of favorable S/N ratio. If the
illuminance level in brightest portions becomes more than
two times as high as that of darkest portions, the quality of
images to be displayed on the monitor screen will be
degraded beyond a range of sensitivity adjustment by an
Image processor.

Thus, the smaller the differences 1n illuminance across the
imaging arca F, the higher becomes the quality of images.
Therefore, 1n order to use moderately varying portions of the
1lluminance distribution, the 1illumination windows 11
should be located 1n farther positions away from the obser-
vation window 10. However, location of the illumination
windows 11 1n remote positions will lead to a drop in
illuminance level of the imaging area F as a whole and
therefore will result in darker images. For this reason,
preferably the ditference 1n 1lluminance level between center
and peripheral portions of the imaging area F should not be
suppressed to an extremely small value. The 1lluminance
level of the mmaging arca F as a whole may become
insufficient 1n some cases 1f the i1lluminance difference is
made smaller than 20%. More particularly, it 1s desirable to
hold an illuminance level 1n the brightest portions within a
range of 2 to 1.2 times, preferably 2 to 1.5 times an
illuminance level in the darkest portions within the 1maging
arca F. Most preferably, the 1lluminance level 1n the darkest
portions should be approximately 1.8 times an illuminance
level 1n the darkest portions in the 1maging area F.

On the basis of predetermined factors such as the range of
the display image areca and the angle of divergence of the
illumination lens 36, the distance Ad of the illumination
windows 11 from the observation window 10 1s adjusted in
such a way as to have the illuminance distribution at the
minimal observation distance d within the above-described
range. Namely, the distance Ad 1s adjusted such that the
illuminance of light rays which fall on the center of the
imaging arca F at the angle of 01 at a minimal observation
distance 1s 2 to 1.2 times, more preferably, 1.8 times as high
as the 1lluminance of light rays falling on end portions of the
imaging arca F at the angle of 02. By so adjusting, it
becomes possible to obtain clear 1mages while suppressing
losses of source light to a minimum. Besides, although the
difference 1n illuminance level i1s controlled to the above-
mentioned range on the basis of a minimal observation
distance, 1t 1s further narrowed down at farther observation
positions because 1llumination light rays from the respective
illumination windows 11 are dispersed to a greater degree
correspondingly to a shift of observation position remote
from the minimal observation position, and a subject of
examination 1s 1rradiated with i1llumination light of more
uniform distribution, permitting to obtain clear 1mages.

Thus, 1n order to minimize the difference 1n 1lluminance
between central and end portions of the imaging area F at a
minimal observation distance, it 1s necessary to use a low
illuminance part of illumination light rays from the 1llumi-
nation means 13, away from the optical axis A at the center
of the 1lluminance distribution. Therefore, the 1lluminance of
the 1maging area F can become too low 1f the 1llumination
light volume from the source lamp 41 1s of an ordinary level
which 1s used for observations from normal distances. In
such a case, 1t 1s desirable to 1ncrease the volume of source
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light upon detecting a shift of the movable lens 23a to the
minimal observation distance d through a sensor or the like.

As clear from FIG. 6, the light source 1s capable of
varying the volume of illumination light to be transmitted
from the source lamp 31 to the light guide 35. To this end,
the aperture area of the stop 42 1s varied by a stop drive
circuit 47. In this regard, Y signals of video signals which are
obtained from the solid-state 1mage sensor device 26 are fed
to an automatic light volume control circuit 48, which

controls the volume of 1llumination light to be transmitted to
the light guide 35 according to the levels of Y signals fed
back thereto. Therefore, the automatic light volume control
circuit 48 1s utilized 1in such a way as to increase the aperture
arca of the stop 42, that 1s, to increase the light volume of
illumination light to the light guide 35 when the movable
lens 23a 1s shifted to the minimal observation distance
position d. For this purpose, operating signals of a lens
position controller 46 are fed 11 to the automatic light
volume control circuit 48, and, as soon as the movable lens
23a 1s shifted to the minimal observation distance position
d, the aperture area of the stop 42 1s increased to ensure that
a clear 1mage of the imaging area F as a whole 1s picked up
by the solid-state 1mage sensor device 26.

In this regard, instead of adjusting the light volume, the
cgain of the 1mage sensor may be adjusted by means of a gain
controller which 1s connected to the solid-state 1mage sensor
device 26. In some cases, clear 1mages can be obtained
without automatically controlling a source light volume or a
cgain controller 1n relation with operation of the lens position
controller 46 as described above. In such a case, there may
be provided a manual switch for manually varying a source
light volume or gain of the image sensor whenever neces-
sary.

Alternatively, as shown 1n FIG. 9, there may be provided
a third 1llumination means 50 between the two 1llumination
windows 11. In this case, the third 1llumination means 50
functions to project supplemental or auxiliary light rays
between the two main 1llumination windows 11. As for the
third 1llumination means 50, part of the light guide 35 is
branched off and 1its light emitting end 1s disposed face to
face with a third 1llumination lens having an optical axis
directed toward the center C of the imaging areca F. The
provision of the third 1llumination means 50 serves not only
to enhance the 1lluminance level of the imaging area F as a
whole but also to suppress variations 1n illuminance across
the 1maging area F. The third illumination means 50 may be
arranged to be lit on all the time during an examination, but
it 1s preferred to be lit on only when additional illumination
1s required. More specifically, 1t 1s preferred to lit on the third
illumination means automatically when the movable lens
23a 1s shifted to the minimal observation distance position
d. As the third 1llumination means, a white LED or other
light emitting device may be employed i place of the
above-described light guide.

Further, as shown 1n FIG. 10, for the purpose of moder-
ating variations 1n illuminance distribution, a hood 51 may
be put on the tip end section 2c¢ of the insertion instrument
2 1n such a way as to circumvent a subject of examination
S which 1s under direct 1llumination from the i1llumination
windows 11. At the time of an examination from a position
at or around the minimal observation distance, the hood 51
1s brought into abutting engagement with an intracavitary
wall portion to stabilize a fore end portion of the insertion
instrument 2. Upon projecting light from the 1llumination
windows 11 within the hood 51 which 1s 1n abutted against
an intracavitary wall, the illumination light is reflected on
the surface of the subject S and then again on the inner
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surface of the hood 51. Consequently, the subject S under
examination 1s also 1lluminated indirectly with reflected
light which falls almost uniformly on the enftire surfaces of
the subject. In order to enhance the effects of indirect
illumination by reflected light, the hood 51 1s provided with
a white reflecting surface on its 1nner periphery, which 1s
preferably a rough wrregular reflection surface which waill
contribute to suppress localized variations of indirect 1llu-
mination.

With regard to an extension length of the hood 51 from the
distal end of the endoscopic insertion instrument, 1t should
be substantially equivalent with or longer than the minimal
observation distance d. If the extension length of the hood 51
1s shorter than the minimal observation distance d, the
endoscopic observation means can be located at a distance
smaller than the minimal observation distance d when the
hood 51 i1s abutted against an intracavitary wall portion
under examination. On the other hand, if the extension
length of the hood 51 1s conspicuously greater than the
minimal observation distance d, 1t can obstruct the view field
of the objective lens group 23 1n the observation window 10.

EXAMPLES

[lustrated 1n FIG. 11 1s a construction of an illumination
lens 52 which 1s fitted 1n position within each 1llumination
window 1n front of a light emitting end of a light guide 35.
The 1llumination lens 52 is 1n the form of a plano-concave
lens having a radius of curvature R=1.713 as shown 1n the
drawing. This lens construction was employed for 1llumi-
nation lenses 1 Examples 1 and 2, which however had
indices of refractivity of nd=1.55 and nd=1.85 for line d,
respectively. Further, shown 1n FIG. 12 a construction of an
1llumination lens 53 similarly 1n the form of a plano-concave
lens with a radius of curvature R=1.460. An 1llumination
lens of this construction was fitted in position within each
illumination window 1n front of a light emitting end of a
light guide 1n Examples 3 and 4. The illumination lenses in
Example 3 however had an index of refractivity nd=1.55,
while the 1llumination lenses in Example 4 had an imndex of
refractivity nd=1.85.

Further shown 1n FIG. 13 is an example employing, at the
light emitting end of a light guide 50, a light mixing and
ouiding glass rod 54 consisting of a core and a clad. The
light mixing glass rod 54 i1s formed 1n a convex shape at its
light emitting end disposed face to face with an 1llumination
lens in the form of a composite lens element 535 consisting
of a convex lens 554 and a plano-convex lens 55b. With an
illumination lens system of this construction, 1llumination
light 1s once converged toward a front side of the composite
lens element 535 and then diverged toward a subject under
observation. This illumination lens system was used 1in
Examples 5 and 6. The light guide glass rod 54 was
composed of a core of nd=1.62 and a clad of nd=1.52, and
combined with a composite lens element 535 having nd=1.55
in Example 5 and nd=1.85 1n Example 6. In this connection,
shown 1n FIG. 13 are paths of light rays which are incident
in parallel relation with the optical axis of the glass rod 54

having nd=1.85.

Table 1 below shows relative values 1n light emergence
angle distribution in the respective Examples of illumination
lenses.

In Table 1, ficures indicated in the column “LG” are
angular distribution of 1lluminating light emerging from the
light emitting end of the light guide 35. Figures in the
columns of Examples 1 to 6 are angular distributions of
illuminating light coming out past the illumination lens
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systems of the respective Examples, indicated 1n angles with
the optical axis of the irradiated illumination light and 1n
percentages of a light volume at the most predominant angle.

TABLE 1

Angle LG Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex.5 Ex.6
0 100.0 100.0 100.0 100.0 100.0 98.1 100.0
5 98.3 97.8 98.4 99.5 08.6 100.0 99.77
10 94.0 91.8 94.3 05.4 05.8 95.0 98.6
15 87.9 83.5 88.6 89.4 91.9 92.8 96.7
20 78.9 72.9 81.0 80.3 86.5 85.1 94.4
25 65.0 61.5 71.4 70.3 78.9 76.2 90.9
30 47.77 49.5 60.9 59.3 69.7 63.8 87.4
35 32.5 38.8 50.2 48.5 60.8 51.2 82.9
40 16.7 28.9 40.5 37.9 51.4 38.7 77.3
45 5.2 20.3 31.7 28.5 43.0 28.9 69.6
50 1.0 13.5 24.1 20.4 34.9 20.5 60.0
55 0.1 8.5 17.9 13.9 27.1 13.8 49.2
60 0.0 4.9 12.8 8.9 20.5 7.2 37.7
65 0.0 2.6 8.9 5.3 15.1 2.6 26.3
70 0.0 1.2 5.9 3.0 10.8 0.3 16.1
75 0.0 0.5 3.5 1.4 6.9 0.0 8.5
80 0.0 0.2 1.7 0.6 3.2 0.0 3.4
85 0.0 0.1 0.7 0.2 1.4 0.0 1.2
90 0.0 0.0 0.0 0.0 0.0 0.0 0.0

The figures 1n Table 1 above are plotted 1n the graph of
FIG. 14. The same data are logarithmically presented in the
oraph of FIG. 15. Thus, on the basis of the light distribution
characteristics of the singular or composite 1llumination lens
clements given 1n Table 1 and in the graphs of FIGS. 14 and
15, the positions of the illumination windows 11 on the
opposite sides of the observation window 10 can be deter-
mined 1n such a way as to distribute the 1llumination light as
uniformly as possible from a minimal observation distance
position. More particularly, the distance of each 1llumination
means from the observation means 1s obtained from S-sin 9,
in which S 1s a length of a straight line which connects two
points on a curve in FIG. 14 (two end points of a segment
where light volume at a higher point 1s not greater than
200% of that at a lower point), and 0 is a rising angle.

What 1s claimed 1s:

1. An endoscopic observation system, comprising:

an optical image pickup system having an objective lens
of a variable observation distance to pick up 1images of
a subject through an observation window provided at a
distal end of an endoscopic insertion 1nstrument;

an 1llumination system having at least a couple of 1illu-
mination means located on the opposite sides of and
substantially 1n the same plane as said observation
window of said optical image pickup system;

said 1llumination means each having a light guide and an

illumination lens for diverging illuminating light from
said light guide toward a subject under examination;

said 1llumination means on the opposite sides of said
observation window being located 1n positions spaced
from said observation window by such a distance as to
hold 1lluminance 1n peripheral portions of an 1maging,
area of said subject to a level lower than 200% of an
illuminance level 1n a center portion of said 1maging
arca at the time of observation from a minimal obser-
vation distance of said objective lens.

2. An endoscopic observation system as defined 1n claim
1, wherein said 1llumination means are spaced apart by such
a distance as to hold 1lluminance in peripheral portions of
said imaging area of said subject 1n a range of 200% to 120%
of an 1lluminance level in a center portion of said 1maging
area.
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3. An endoscopic observation system as defined 1n claim
1, wherein said optical 1mage pickup system further com-
prises a solid-state 1mage sensor device for picking up
images of a subject to be displayed on a monitor screen, and
said peripheral portions of said image area are end portions
of an 1mage area on said monitor screen.

4. An endoscopic observation system as defined 1n claim
3, further comprising a gain controller for increasing gain of
said solid-state 1mage sensor device at the time of observa-
fion from said minimal observation distance.

5. An endoscopic observation system as defined 1n claim
1, wherein said minimal observation distance of said objec-
five lens 1s shorter than 1 cm.

6. An endoscopic observation system as defined 1n claim
1, wherein said illumination system further comprises a
volume control to increase illumination light to a greater
volume at the time of an observation from said minimal
observation distance than in observations from ordinary
distances.

7. An endoscopic observation system as defined 1n claim
6 wherein said volume control i1s constituted by either a
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source volume adjusting means or a third illumination
means located between said two illumination means.

8. An endoscopic observation system as defined 1n claim
6 further comprising a reversible motor for displacing a
movable lens element or elements of said objective lens, said
volume control being adapted to increase the volume of
illumination light when said movable lens element 1s shifted
to a minimal observation distance position by said reversible
motor.

9. An endoscopic observation system as defined 1n claim
1, further comprising an annular hood member detachably
fitted on said distal end of said insertion instrument, said
hood member being provided with a reflecting surface on
inner periphery thereof.

10. An endoscopic observation system as defined in claim
9, wherein said food member 1s extended forward of said
distal end of said insertion mstrument by a length substan-
tially equivalent with said minimal observation distance or
by a greater length as long as non-obstructive to an obser-
vation view field of said observation means.
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